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A B S T R A C T

Purpose
Optimal therapy of follicular lymphoma (FL) is not defined. We analyzed a large prospective cohort
study to identify current demographics and patterns of care of FL in the United States.

Patients and Methods
The National LymphoCare Study is a multicenter, longitudinal, observational study designed to
collect information on treatment regimens and outcomes for patients with newly diagnosed FL in
the United States. Patients were enrolled between 2004 and 2007. There is no study-specific
prescribed treatment regimen or intervention.

Results
Two thousand seven hundred twenty-eight subjects were enrolled at 265 sites, including the 80%
of patients enrolled from nonacademic sites. Using the Follicular Lymphoma International
Prognostic Index (FLIPI), three distinct groups independent of histologic grade could be defined.
Initial therapeutic strategy was: observation, 17.7%; rituximab monotherapy, 13.9%; clinical trial
6.1%; radiation therapy, 5.6%; chemotherapy only, 3.2%; chemotherapy plus rituximab, 51.9%.
Chemotherapy plus rituximab regimens were: rituximab plus cyclophosphamide, doxorubicin,
vincristine, prednisone, 55.0%; rituximab plus cyclophosphamide, vincristine, and prednisone,
23.1%; rituximab plus fludarabine based, 15.5%; other, 6.4%. The choice to initiate therapy rather
than observe was associated with age, FLIPI, stage, and grade (P � .01). Significant differences
in treatment (P � .01) across regions of the United States were noted. Contrary to practice
guidelines, treatment of stage I FL frequently omits radiation therapy.

Conclusion
Widely disparate therapeutic approaches are utilized for FL. Initial therapy is deferred in a small
subset of patients. There is no single standard of care for the treatment of de novo FL, although
antibody use is ubiquitous when therapy is initiated. These disparate approaches to the initial care
of patients with FL render a heterogeneous group of patients at relapse.

J Clin Oncol 27:1202-1208. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Follicular lymphoma (FL) is the second most
common lymphoma in the United States, rep-
resenting nearly 14,000 patients diagnosed an-
nually.1,2 No consensus exists on the optimal
management of FL or even on appropriate short
term goals of management. Debate encompasses
many topics including: the value of early use of
anthracyclines; identifying patients for whom FL
will not cause morbidity or mortality and thus
do not require therapy; the value of extended
dosing maintenance therapy with monoclonal
antibodies compared to intermittent redosing;
the role of radiation therapy with curative in-
tent in early stage disease; and the optimal role

and timing of radioimmunotherapy or stem
cell transplantation.

New therapeutic options have likely contrib-
uted to the improved outcome of patients with FL
in recent years as described by several authors.3-5

However, the rate of new therapy development
has rendered systematic comparisons difficult.
Many well-constructed phase II trials have restric-
tive enrollment criteria, and utilize comparisons
to historical controls. Even phase III trials that
have established standards for patient manage-
ment have relatively short follow-up for a disease
with a prolonged natural history.6,7 Studies with
long-term follow-up often include retrospective
analyses from referral institutions, potentially bi-
ased by unintended patient selection leading to
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‘limited generalizability.8,9 Thus, as a practice community, we have
a plethora of knowledge about short-term outcomes in FL but less
understanding of long-term outcomes for combinations of se-
quential therapies.

FL has a heterogeneous pattern of clinical presentations and
clinical outcomes. Predictors of survival and treatment response in-
clude histologic grade, and clinical factors such as the International
Prognostic Index,10 or the Follicular Lymphoma International Prog-
nostic Index (FLIPI).11

We report here the first analysis of a large national prospective
observational study of newly diagnosed FL patients designed to collect
data on representative patterns of clinical presentation, management,
and outcome. This analysis describes the relationship between histol-
ogy grading and FLIPI scores at presentation, and the patterns of initial
management for FL among United States practitioners in the mono-
clonal antibody therapy era.

PATIENTS AND METHODS

The National LymphoCare study (NLCS) is a joint venture operated by Ge-
nentech Inc (South San Francisco, CA) and Biogen Idee (Cambridge, MA).
The authors served as the advisory board for this study, and participated in all
phases of the study, including initial protocol design, prospective determina-
tion of data to be collected, and consideration of participating sites. The
advisory board met quarterly, had full access to data listings, and collaborated
with investigators and the sponsor regarding interpretation and publication of
the data. This article was written de novo by members of the advisory board.

Final selection of academic and community sites was determined by
study sponsors based on responses to a survey assessing capability to partici-
pate in an observational study of FL. Questions included number of newly
diagnosed FL patients seen annually, logistics and support for clinical research,
and previous experience with sponsored clinical research.

All patients signed informed consent before participation, and the pro-
tocol was approved by an institutional review board. Patients were recruited
between March 2004 and March 2007. All patients newly diagnosed (within 6
months) with FL and no prior history of lymphoma were eligible. There was no
central pathology review; the local pathology report defined FL diagnosis after
investigator education on WHO definitions of FL. Grade and evidence for
concurrent second lymphoma were evaluated when available. Patients were
evaluated according to the treating physician’s standard practice without
study-specific visits or evaluations required for this study either at baseline or
during the course of the study. Collected data include: demographics; clinical
data (including performance status, stage, number of nodal and extra-nodal
sites); routine labs including lactate dehydrogenase when available; serial man-
agement strategies; response to treatment; and events including relapses and
death. After 12 months of data, the advisory board encouraged investigators to
include lactate dehydrogenase as part of initial evaluation. Patients were as-
signed highest documented stage when staging was incomplete. There is no
study-specific prescribed treatment regimen or intervention. Regular investi-
gator newsletters and three in-person investigator meetings focused on data
acquisition and study findings, but did not discuss clinical aspects of lym-
phoma management.

All treatment strategies (including observation) for patients were re-
corded. Patients who did not receive therapy within 90 days of diagnosis date
were considered to be in the observation cohort. Treatment and outcomes
(including response, time to progression, and survival) were collected quar-
terly. Follow-up data were actively solicited from providers at time of clinical
follow-up. Enrolled patients are to be observed for up to 10 years from enroll-
ment or until death, withdrawal of consent, or loss to follow-up. Enrollment
sites were categorized as academic (affiliated with an academic institution) or
community based on self report.

Statistical Methods

Demographic and baseline disease characteristics, as well as initial treat-
ment strategy, were summarized using descriptive statistics (median and range
for continuous variables and frequencies for categoric variables). Univariate
associations among and between demographic and baseline disease character-
istics, as well as initial treatment strategy, were tested using a standard �2 test.

RESULTS

Patient Cohort Defined

Two thousand seven hundred twenty eight subjects were en-
rolled at 265 sites from March 2004 through March 2007. Rate of
enrollment was consistent across the enrollment period with sequen-
tial 12-month enrollment totals of 879, 971, and 878. Two hundred
twenty-seven community sites enrolled 2,193 subjects (80%) and 38
academic sites enrolled 535 subjects (20%). Figure 1 depicts the loca-
tion of sites and enrollment by region.

FL patients enrolled in NLCS were similar to those in the Surveil-
lance, Epidemiology, and End Results (SEER) database, and should be
representative of the United States population. Patients in the NLCS
are comparable with FL patients diagnosed in 2004 in the national
SEER registry12 in age (median, 61 years), sex (female, 52%), ethnicity
(white, 90%), and grade distribution (grade 1, 43%; grade 2, 29%;
grade 3, 19%; NOS, 10%), but had a stage distribution skewed toward
higher Ann Arbor stage (I, 17%; II, 15%; III, 29%; IV, 37%; unknown,
1%) although direct comparisons are hampered by higher rates of
missing grade and stage in the SEER data set. Patients enrolled at
community and academic sites differed in age, grade, and stage at
diagnosis (Table 1), although minor differences in grade distribution
may not be meaningful in the absence of central pathology review.
Bone marrow biopsies were reported in 64% of patients at academic
sites and 52% at community sites which may contribute to slightly
higher stage at academic sites.

FLIPI continued to define three distinct groups in the NLCS and
was independent of histologic grade. As shown in Figure 2, 2,234
(82%) of 2,728 patients had calculable FLIPI scores based on initial
investigator work-up. Two thousand fifty one of 2,728 had data for all
FLIPI components. FLIPI was calculable for an additional 183 patients
because missing data would not change the FLIPI category. Lactate

West
n = 366

Midwest
n = 862

Southwest
n = 209

Northeast
n = 469

Southeast
n = 822

Fig 1. Sites and enrollment by region.
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dehydrogenase was collected by investigators in 79% of patients. Ge-
ography and academic/community sites were significantly associated
with collection of lactate dehydrogenase: 88% in academic sites versus
76% in community sites (P � .01). The distribution of FLIPI scores
among 2,234 patients with calculable FLIPI scores are shown in Figure
3. There was remarkable consistency across grades 1 and 2 with high to
low category (H/L) ratios of 0.86:0.85, and a suggestion of correlation
with grade 3 histology and higher FLIPI (H/L ratio 1.19; Fig 3A). Stage
and age, as might be expected, were dominant predictors of FLIPI
score (Fig 3B). The distribution of patients among FLIPI categories
was similar to those in the validation study.11

Initial Therapy of FL in the United States, 2004

to 2007

Collectively, the initial therapeutic strategy for FL was: observa-
tion, 17.7%; rituximab monotherapy, 13.9%; chemotherapy plus rit-
uximab (R), 51.9%; external-beam radiotherapy (XRT), 5.6%;

Table 1. Patient Demographics and Baseline Disease Characteristics: Overall and by Center Type

Characteristic

%

P †NLCS 2004-07 (n � 2,728) SEER 2004 (n � 2,756) NLCS Community Sites NLCS Academic Sites

Median age, years 61 63 62 59 � .01
Sex, female 51.8 50.6 51.5 52.9 .56
Ethnicity .27

White 90.4 89.6 90.9 88.6
Black 3.4 4.1 3.3 4.1
Other 6.1 6.3 5.8 7.3

Histology, grade� � .01
1 42.9 27.0 41.9 47.0
2 28.6 22.8 28.1 30.6
3 18.7 17.7 19.2 16.6
Unknown/not done 9.8 32.5 10.8 5.8

Stage � .01
I 17.4 28.6 17.7 16.1
II 15.3 16.4 16.3 11.0
III 29.4 22.0 28.5 33.1
IV 37.1 25.8 36.5 39.6
Unknown/not done 0.8 7.1 1.0 0.2

Abbreviations: NLCS, National LymphoCare study; SEER, Surveillance, Epidemiology, and End Results.
�Excludes 52 patients with mixed histology.
†Comparison of community and academic sites.

Study population
(N = 2,728)

(n = 2,706)

(n = 2,581)

(n = 2,485)

(n = 2,051)

Missing data

Ann Arbor stage
(n = 22)

Hemoglobin level
(n = 125)

Number of nodal sites
(n = 96)

Serum LDH
(n = 434)

Fig 2. Missing elements in Follicular Lymphoma International Prognostic Index
scores for entire cohort. LDH, lactate dehydrogenase.
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(A) overall, and (B) stratified by grade, age, and stage. NLCS, National Lympho-
Care study.
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chemotherapy only, 3.2% clinical trials 6.1% (Fig 4A). R plus chemo-
therapy regimens were: rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP), 55.0%; rituximab, cyclophos-
phamide, vincristine, and prednisone (R-CVP), 23.1%; R plus flu-
darabine based, 15.5%; other, 6.4%. Single-agent alkylator therapy
was chosen in only 0.7%. Among patients receiving active treatment as
an initial management strategy, the use of anthracyclines was associ-
ated (P � .01) with age, stage of disease, and histology (Table 2). FLIPI
was not associated with the use of an anthracycline.

The choice to initiate therapy rather than observe patients was
also associated with age, FLIPI, stage, and grade (P � .01). Significant
differences of treatment (P � .01) across regions of the United States
were noted: for example, observation was used in 13.3% of patients in
Southeast and 29.0% in Northeast; fludarabine-based R plus chemo-
therapy was used in 11.5% of patients in Southwest and only 4.5% in
Northeast. Academic sites were more likely than community sites to
treat patients on clinical trials, 13.1% versus 4.4% (P � .01). In pa-
tients treated with rituximab monotherapy or R plus chemotherapy, a
higher FLIPI was not associated with decision to utilize chemotherapy.
Initial management strategy by baseline disease and demographic
characteristics is detailed in the online-only Appendix Table A1.

Twenty-two percent of patients initially observed received active
therapy within 12 months and 31.2% within 24 months. Among the
148 patients initially observed who subsequently received an active
treatment, 27.0% received rituximab monotherapy, 35.8% received R
plus chemotherapy, 6.8% received chemotherapy alone, 6.1% re-
ceived investigational therapy, 7.4% received radiotherapy, with the
remainder unspecified.

Stage I FL

Four hundred seventy-four patients (17.4%) had stage I disease
at diagnosis. Of these patients, 136 were observed (28.7%), 61 were
treated with rituximab alone (12.9%), 144 were treated with rituximab
and chemotherapy (30.4%), and 111 received XRT (23.4%; Fig 4B).
Among stage I patients treated at academic centers, 25 were observed
(29.1%), six were treated with rituximab alone (7.0%), and 25 re-
ceived XRT (29.1%). Among stage I patients treated at community
centers, 111 were observed (28.6%), 55 were treated with rituximab
alone (14.2%), and 86 received XRT (22.2%). Further examination of
patients with stage I disease, found XRT use in 20.9% of patients
younger than 45 years at diagnosis, 25.9% 45 to 59 years, 24.3% 60 to
74 years, and 20.0% �75 years of age at diagnosis. Among stage I
patients not receiving radiation as initial treatment and with at least 90
days of follow-up after stopping initial treatment, 50 (20.7%) of 242
received radiation as a second treatment within 90 days of com-
pleting the initial treatment, suggesting a planned combined mo-
dality approach.

DISCUSSION

The NLCS is the largest prospective database in FL in the United
States. All patients have been enrolled since 2004, with access to mod-
ern treatment regimens. As with any observational study, our results
are susceptible to unintentional bias resulting from subject selection.
Possible biases include positive selection of physicians with a self-
declared interest in lymphoma or physicians with a bias in favor of
rituximab use—a product of the study sponsors. We have demon-
strated that this registry includes patients with similar demographics
to the SEER registry.12 Eighty percent of patients in the NLCS were
enrolled at community (not academic) practices, and all regions of
the continental United States are represented in the 265 enrolling
sites. We feel, therefore, that observations made from this registry
may be generalized, and truly reflect the current practice patterns in
the United States.

The FLIPI defines three risk groups of patients with FL, with
outcomes ranging from 52% to 90% survival at 5 years.11 In this index,
the risk groups each compromised approximately one third of pa-
tients, unlike the standard International Prognostic Index, which,
when utilized for FL, has very few patients in the high-risk group.13,14

Our data support the notion that FLIPI divides patients into three
relatively equal sized groups. FLIPI scores could not be calculated in
18% of patients in our series, most often because no serum lactate
dehydrogenase was measured at diagnosis. Recent data suggest this
index provides valuable prognostic data in patients treated with
monoclonal antibody containing chemotherapy regimens.7,37 We
strongly advocate that all patients with a new diagnosis of FL should be
scored according to FLIPI, and thus should have all elements, includ-
ing serum lactate dehydrogenase, obtained at diagnosis.

A Initial Treatment - All Patients

B Initial Treatment - Stage I Patients

Clinical trial
6.1%

Other
1.6%

Other
2.1%

Observation
17.7%

Observation
28.7%

Radiotherapy
5.6%

Radiotherapy
23.4%

Rituximab
monotherapy

13.9%

Rituximab
monotherapy

12.9%

Chemotherapy +
rituximab

51.9%

Chemotherapy +
rituximab

30.4%

Chemotherapy
3.2%

Chemotherapy
2.5%

Fig 4. Initial treatment, (A) all, and (B) stage I patients.
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The observed variation of practice patterns emphasizes that there
is no current standard of care in the United States for the treatment of
de novo FL. As expected, observation rather than active therapy was
utilized more frequently in low-risk FLIPI patients than in patients
with higher risk disease. However, the vast majority of patients even
with low-risk disease were treated at diagnosis. Fourteen percent of
patients were treated with rituximab monotherapy, despite the lack of
a supporting US Food and Drug Administration–labeled indication.
Among treated patients, FLIPI was not associated with the choice to
add chemotherapy to R. The use of anthracyclines was influenced by
region of the country, grade of tumor, FLIPI score, and other patient-
associated factors. Although there was a statistical association between
grade of tumor and anthracycline use, 33% of patients with grade 3
histology did not receive anthracycline-based therapy, despite Na-
tional Comprehensive Cancer Network guidelines and studies advo-
cating this use.15 Regional differences in patterns of care have also been
observed in an analysis of the SEER data in elderly patients with
non-Hodgkin’s lymphoma.16

Such disparate approaches to the initial care of patients with FL
render a very heterogeneous group of patients at relapse in the United
States as contrasted with European countries like Germany where
anthracycline use is a more consistent feature of treatment.17 This has
important implications in the interpretation of future clinical trials
enrolling patients with relapsed FL. Historically, clinical prognostic
factors of FL at relapse were similar to those at diagnosis.18 How-
ever, patients who relapse late after first therapy with single-agent
rituximab are likely different from patients who relapse early after
anthracycline-containing chemotherapy as first therapy. It is impera-
tive that studies in relapsed disease detail prior therapeutic regimens,
and evaluate response outcomes in light of these prior therapies.

Phase II trials in relapsed FL in the United States that utilize
comparisons to historical controls are therefore very difficult to in-
terpret at the present time.

In 1984, Horning and Rosenberg8 published a study of untreated
patients with FL, demonstrating no apparent increased risk of trans-
formation when deferring first-line therapy, and a 30% rate of spon-
taneous remissions. Observation rather than active therapy remains a
recommended approach in asymptomatic patients,19 and continues
to be practiced widely in the United States—21% of patients with
low-risk FLIPI scores were observed rather than placed on immediate
therapy in our series. The role of observation has become controversial
in view of recently observed aforementioned survival improvements
in FL, and the suggestion that early therapy in the modern era may
decrease the risk, and associated morbidity and mortality, of histologic
transformation.20 Historically, the median time to therapy of patients
initially observed was 2.6 years in a randomized trial from the British
National Lymphoma Investigation,21 and over 3 years in the Horning
series.8 Despite the availability of R as a low morbidity therapeutic
option we do not detect an apparent change in the threshold for
initiating therapy in this setting, with 22% of patients in our series who
were initially observed receiving therapy within 1 year of observation
and less than one third after 2 years.

Of interest, 17% of patients in our registry had stage I FL. XRT is
a recommended therapeutic approach for this group of patients based
on results of studies suggesting a substantial minority of patients enjoy
very prolonged disease-free intervals after XRT.22-24 Only 23% of
patients in our series with stage I FL received XRT at diagnosis; an
additional 8% of patients had XRT immediately after chemotherapy,
suggesting a combined modality approach.25 In the SEER database,
only 31% of patients with stage I FL diagnosed in 2004 were treated

Table 2. Demographic and Baseline Disease Characteristics for Patients Initially Treated With or Without an Anthracycline Among Patients Initially
Managed With an Active Treatment Regimen (N � 2,244)

Characteristic

Anthracycline (n � 945) Non-Anthracycline (n � 1,299)

PNo. % No. %

Age, years � .01
� 45 110 45.3 133 54.7
45-59 393 50.4 386 49.6
60-74 353 43.2 464 56.8
� 75 89 22.0 316 78.0

Stage � .01
I 108 32.0 230 68.0
II 132 39.6 201 60.4
III 300 45.9 354 54.1
IV 394 43.9 504 56.1
Unknown/not done 11 52.4 10 47.6

Histology by grade � .01
I 230 26.6 635 73.4
II 262 40.2 389 59.8
III 305 67.2 149 32.8
Mixed 37 74.0 13 26.0
Unknown/not done 111 49.6 113 50.4

FLIPI .41
Low, 0-1 250 40.4 369 59.6
Intermediate, 2 226 41.9 314 58.1
High, 3–5 307 44.0 391 56.0

Abbreviation: FLIPI, Follicular Lymphoma International Prognostic Index.
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with XRT within 4 months of diagnosis. Both the National Compre-
hensive Cancer Network and European Society for Medical Oncology
have published guidelines recommending primary XRT for early stage
FL.26,27 Observation may be an option for carefully selected patients
based on recently published series from Stanford of 43 patients with
early stage FL who were not treated, and had comparable outcome to
patients historically treated with XRT.28 However, 43% of patients in
our registry who had stage I disease were treated with R or chemother-
apy combinations containing R as initial treatment. Although size and
location of early-stage disease may impact choices of therapy based on
toxicity, few data have been published supporting systemic therapy
alone as initial treatment for this group of patients. It has been sug-
gested that FLIPI may help to define a high-risk subgroup of patients
with early-stage disease who may benefit from more aggressive ther-
apeutic options.29 Our findings suggest published guidelines advo-
cating primary XRT have not had a substantial impact in treatment
patterns for this subset of patients.

Given the incurable nature of FL with standard therapeutic ap-
proaches, the low clinical trial enrollment (6.1% of patients) was
disappointing. At least two National Cancer Institute–sponsored co-
operative group phase III trials in de novo FL were accruing patients
during this time period, and open in most regions of the country either
through group affiliates or the Cancer Trials Support Unit. A complete
discussion of barriers to cancer clinical trial accrual is beyond the scope
of our study, and have been published elsewhere.30,31 Individual phy-
sician factors appear to be most important in determining successful
enrollment of patients onto clinical trials.3233 Through participation
in the registry, our investigators have demonstrated interest in clinical
research, and the ability to oversee data collection. This interest did not
lead to active enrollment of patients on therapeutic trials for the vast
majority of participants. Perceptions of access problems, inadequate
reimbursements, lack of time, logistical complexity, and patient re-
fusal have all been cited as reasons why clinical trial participation is
low.3435 Clearly, it is critical to address these issues in the development
and conduct of future national clinical trials in FL to improve clinical
trial enrollment.

The choice of first-line therapy for an incurable disease like FL
should consider not only response rates, and time to progression, but
also the quality of life, potential impact on future therapies, including
transplantation, and risk of secondary malignancies.19,36 With the
recent success of improving short-term outcome for these patients
with monoclonal antibodies and novel agents comes a responsibility
to ensure that we do not compromise future survival due to late
toxic effects of treatment. It is imperative that all current clinical
trials in de novo indolent non-Hodgkin’s lymphoma observe pa-
tients for late effects. We hope the National LymphoCare Study, in

light of its representative demographics and treatment patterns,
along with other emerging registries,37 will substantially contribute to
this critical responsibility.
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